Left ventricular volume and circumference were calculated from cineangiocardiograms at 60 frames/sec in 15 patients with arteriographically proven coronary artery disease (CAD) and five control subjects. The patients with CAD had no mitral regurgitation and had an average end-diastolic volume equivalent to that reported by others in normal subjects and to that of the control group. The average end-diastolic pressure was higher in CAD and was often abnormal, despite lack of increase in enddiastolic volume. 
ties of the ventricular wall are both tenable. Although hemodynamic study by traditional means may allow a conclusion that the ventricle in coronary disease without distinct cardiomegaly functions normally at rest, it is possible that abnormalities of performance at rest are present which are detectable by more sensitive tests. The demonstration by cineangiocardiography of poorly contracting segments of the left ventricular wall confirmed the possibility that important muscle dysfunction without gross dilatation could occur clinically.6
The present studies, then, were designed to test two simple hypotheses. The first was that patients with coronary artery disease have abnormalities of left ventricular end-diastolic volume-pressure relationships. The 1 . Fifteen with coronary artery disease were chosen consecutively from a larger group undergoing coronary arteriography, because their left ventricular cineangiograms met two criteria. These were the absence of mitral regurgitation and the presence of a sufficient number of normal beats to allow determinations of left ventricular volume. Three of the patients had akinetic segments of the ventricular wall. 6 The results were compared with those of five subjects whose left ventricular volumes and coronary arteriograms were normal and who were judged to be free of heart disease. [6] [7] [8] The procedure began with catheterization of the left ventricle by the retrograde percutaneous femoral arterial approach. Immediately after measurement of left ventricular pressure, ventriculography was performed. From 25 to 40 ml of methylglucamine diatrizoate (Renografin 76 ) was injected at a rate of 20 ml/sec into the left ventricle with a power injector. Filming was in the right anterior oblique projection at 60 frames/sec.9 Coronary arteriograms were then accomplished by technics previously described. 10 The left ventriculograms were performed before the coronary arteriograms to avoid the hemodynamic and cardiac effects of accumulated contrast material." [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The left ventricular cineangiograms were analyzed by a combination of the technic of Greene and Bunnell and the area-length method for calculation of volume of Dodge and Sandler, as previously reported.9 14 15 When premature ventricular contractions were induced by injection of contrast material, the second normal cycle following an extrasystole was the first one employed in the volume calculations. During normal rhythm, the ventricular cavity on each frame was traced and the area measured by planimetry. One to three complete cardiac cycles were available for each subject. Volumes were calculated and plotted by computer. From the ventriculograms, heart rate, end-systolic and enddiastolic volumes, and ejection fraction were calculated. The end-diastolic volume was compared with end-diastolic pressure obtained immediately before the filming. An equatorial Circulation, Volume XLII, August 1970 circumference at the endocardium was calculated by multiplication of the minor axis by 7r.
The extent and mean rate of shortening of this circumferential band of muscle were calculated from the end-diastolic and end-systolic circumferences and the time required for shortening. The maximal rate of circumferential shortening was obtained by drawing a tangent to the steepest portion of the circumference-time plot during ejection.
The ventricular volumes were corrected for body size and expressed per square meter of body surface area. Calculations of circumference were made on actual ventricular dimensions. Circumference and the rate of circumferential fiber shortening also were corrected for ventricular diastolic size by dividing by the end-diastolic circumference.''; Circulatzon, Volume XLII, Auguji 1970 The increase of left ventricular volume during left atrial contraction was calculated.'5 The effect of atrial systole was usually easily detectable from the volume curves, but when not, the volume change during the last 0.2 sec of diastole was used. Ventricular filling during atrial systole was expressed as a proportion of all filling (proportion of total left ventricular stroke volume).
Differences between the groups were compared by a t-test.
Results
The complete results are found in tables 2 and 3. The average end-diastolic volume was similar in the two groups at 77 and 80 mu/m2. The end-diastolic volume (EDV) in the normal group ranged from 54 to 109 mI/m2 E DV / M2 (ml) Figure 3 Relationship between end-diastolic volume and end-diastolic pressure. When volume was corrected for body size (right panel), the distribution of points in the patients with coronary artery disease (CAD) had a correlation coefficient of 0.52 (P < 0.05). It is clear that high enddiastolic pressure was observed without markedly elevated end-diastolic volume.
( fig. 4) Plot of left ventricular end-diastolic pressure and the logarithm of compliance during the last 0.2 sec of diastole. The distribution indicates that those with low compliance filled their ventricles to the point of high end-diastolic pressure. A semi-logarithmic plot was chosen because it gave the best distribution.
and associates '7 previously ues in most of the patients below the lowest found in the controls. Although the control subjects are few in number, the average shortening of the internal circumference of the ventricle (36%) is very near the results for a similar group reported by Gault and associates (38%).24 The degree of abnormality shown in coronary disease was usually not profound but was surprisingly frequent.
The ejection fraction and extent of shortening do not completely characterize the integrity of the ventricular myocardium, however. 25 The rates of muscle fiber and contractile element shortening and their relationship to ventricular wall tension provide more sensitive judgments of the strength of the muscle. '6' 24, 25 Our analysis provides maximal and mean circumferential fiber shortening rates, and these were markedly reduced in several individuals with coronary disease, despite absence of statistically significant differences between the means for the groups. Mean and maximal fiber shortening rates correlated well with ejection fraction for all patients studied.
Conclusions
We conclude that significant abnormalities of performance of the myocardium were often present in our patients with coronary artery disease, despite absence of significant left ventricular dilatation. We demonstrated a depression of ejection fraction, and the extent and rate of circumferential fiber shortening, variables which are reasonable indicators of the competence of the contractile elements. '6, 25 Our patients also showed frequent abnormalities of left ventricular diastolic pressurevolume relationships and often had raised end-diastolic pressure. These results would conspire to produce further increases in left ventricular EDP if physiologic stress produced any increase in ventricular size.
